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Abstract 
Amino acid salts are promising absorptions for CO2 capture. This work investigated six common potassium 
amino acid solutions: L-proline, sarcosine, glycine, ȕ- alanine, taurine, and L- threonine solutions using wetted-wall 
column at 313 K and atmospheric pressure (1 bar). We found potassium L-proline solution has significant mass 
transfer properties similar to 30 wt% MEA. The influence of total pressure in wetted-wall column on CO2 absorption 
rate in potassium L-prolinate solutions is determined. It is found that elevated total pressure has positive effect on 
CO2 absorption rate. The CO2 absorption flux increases approximately by 40% from 1 bar to 3 bar when CO2 inlet 
concentration is 10%. What’s more, the gas side mass transfer coefficient is found not only dependent on the 
hydrodynamic conditions of wetted-wall column, but also the total pressure in the apparatus. The analytical relations 
between the hydrodynamic conditions of the column and kg in wetted-wall column at different pressures are got in 
this work, and the gas mass transfer coefficient kg is found decreases by 86% from 1 bar to 3 bar. 
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1.Introduction 
Global warming is one of the most alarming environmental problems and has 
been emphasized highly in many states. CO2 emission due to the combustion of fossil fuels from 
industrial and power plant, is regarded as the major contribution to this problem [1]. Thus CO2 removal 
from these resources is essential to minimize the global warming effect. 
At present, chemical absorption technology is the most mature method for CO2 removal. Aqueous 
alkanolamine solutions such as monoethanolamine (MEA), diethanolamine (DEA) and N-
methyldiethanolamine (MDEA) are widely used as absorption for CO2 capture from gas stream. 
However, these solutions have some drawbacks including corrosion, volatile, and limited stability in the 
presence of oxygen [2, 3]. Amino acid salt solutions which have similar reactivity and CO2 absorption 
capacity compared to conventional alkanolamine solutions [4], but are nonvolatile and more stable to 
oxidative degradation, have been considered as alternative absorption liquid for CO2 removal. Many 
works have been done [5-7], but there are only few researches on the effect of pressure on kinetics of 
amino acid salts as CO2 absorption. 
In this work, we investigated the mass transfer properties of various amino acid salt solutions as CO2 
absorption. Six potassium amino acid solutions are tested: L-proline, sarcosine, glycine, ȕ- alanine, taurine, and 
L- threonine on wetted-wall column. More kinetic experiments are carried out for CO2 absorption in 
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aqueous potassium L-prolinate solutions. The influence of total pressure (1-3 bar) on CO2 absorption rate 
is determined. We also further investigated the effect of elevated total pressure on gas side mass transfer 
coefficient. 
 
2. Experimental section 
2.1 Materials 
      MEA(99%), L-proline(99%), sarcosine(99%), glycine(ı99%), ȕ- alanine(99%), taurine(99%),  L- 
threonine(99%) and potassium hydroxide (99.99%) are purchased from Aladdin company and used 
without further purification. The potassium amino solutions are prepared by dissolving selected amino 
acids in deionized water, with an equimolar amount of potassium hydroxide to make potassium amino 
solutions. 
2.2 Wetted-wall column 
     The CO2 absorption experiments are preformed on a wetted-wall column apparatus shown in Figure 1. 
The gas-liquid contact area is 38.9 cm2 and the gas flow rate is 3 L/min for CO2 absorption in amino acid 
salt solutions. The solvent stored in a reservoir was pump up to the inside of the column and flowed out 
from the top being a liquid film on outside surface. The gas stream was introduced at the bottom of the 
column and contacted count-current with the downward liquid film before being exhausted from the top. 
Two flanges were used to fix the glass tube to ensure no gas leakage even at high pressure and the water 
bath was used to control the temperature during the experiments. 
 
Figure 1. Wetted-wall column experimental system 
2.3 Mass transfer mechanism 
In the wetted-wall column the global resistance to the absorption through the gas-liquid film is the 
sum of the resistances from the liquid and gas sides.   
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 Where KG is the overall mass transfer coefficient (mol/ (m2•s•Pa)). kg is the gas side mass transfer 
coefficient (mol /( m2•s•Pa))and kl is the liquid side mass transfer coefficient (mol /( m2•s•Pa)). 
The overall mass transfer coefficient KG can be calculated by Eq. 2. Where N (mol /s) is the CO2 
absorption rate, PCO2 *(Pa) is the CO2 equilibrium partial pressure above the solution and A (m2) is the 
effective interfacial surface area. The logarithm average partial pressure of CO2 in the flue gas PCO2 can 
be calculated from PCO2,in (CO2 partial pressure at the inlet of the column chamber) and PCO2,out  (CO2 
partial pressure at the outlet of the column chamber) with Eq. 3. 
2 2 2 2
G * *
CO CO CO CO
Flux NK
( P P ) A( P P )
  
 
                
(2) 
 Mengxiang Fang et al. /  Energy Procedia  75 ( 2015 )  2293 – 2298 2295
2 2
2
2 2
CO ,in CO ,out
CO
CO ,in CO ,out
P - P
P =
ln(P / P )
                
(3) 
 For gas side mass transfer coefficient, Pacheco et al [9] developed an empirical 2-parameter model to 
describe the analytical relation between parameters that describe the hydrodynamic conditions of the 
column and kg in wetted-wall column, shown as Eq. 4. 
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Where d and h are the hydraulic diameter and height of the column (m), Į and ȕ are determined by 
the conditions of the columns and can be fitted by the experimental results.  
The liquid side mass transfer coefficient can be calculated from Eq. 6, 7. 
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         Where rco2 is the is the CO2 reaction rate (mol/(m2Ьs)), DCO2 is the CO2 diffusivity coefficient in the 
solution(m2/s), HCO2 is the Henry's law constant of CO2 in solutions(paЬm3/mol). 
                                                                                                         
3. Results and discussion 
3.1 Screening experiments 
 In screening experiments, mass transfer coefficient KG is used as an indicator of reaction rate of CO2 
absorption. Figure 2 shows the overall mass transfer coefficient in potassium salt of L-proline, sarcosine, 
glycine, ȕ- alanine, taurine, L- threonine and MEA solutions at 313 K and atmospheric pressure (1 bar). 
The concentration of amino acid salt solutions are 1 M and the MEA solution is 30 wt% (5 M). Among 
the six potassium amino acid salt solutions, L-proline has the significant overall mass coefficient 2.079h
10-6 mol/ (m2ЬsЬpa), almost equal to the KG of 30 wt% MEA. A high reaction rate is important to reduce 
the size and therewith capital costs of the absorber and amino acid salt solutions are more stable to 
degradation. Potassium L-prolinate solution is chosen for the further investigation.  
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Figure 2. Overall mass transfer coefficient for CO2 absorption in 1 M various potassium amino acid salt solutions and 30 wt% (5 M) 
MEA  at 313 K, 1 bar.  
 
3.2 Effect of total pressure on CO2 absorption 
 The influence of total pressure in wetted-wall column on overall mass transfer coefficient of CO2 
absorption in 1 M potassium L-prolinate at 313 K is shown in figure 3. With the increase of total pressure 
in wetted-wall column, the overall mass transfer coefficient decreases as the CO2 partial pressure 
increases consequently when the total pressure increases. CO2 absorption flux at the same CO2 inlet 
concentration instead of KG would be a more appropriate parameter to evaluate the CO2 absorption rate. 
Figure 4 presents the CO2 absorption flux as a function of the CO2 inlet concentration in 1 M potassium 
L-prolinate at 313 K. At the same CO2 inlet concentration, CO2 absorption flux increases with the 
elevated total pressure owing to the increase of CO2 partial pressure. The CO2 absorption flux increases 
approximately by 40% from 1 bar to 3 bar when CO2 inlet concentration is 10%. 
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      Figure 3 (left) The overall mass transfer coefficient kg as a function of total pressure for 1 M potassium L-prolinate solutions at 
313 K 
       Figure 4 (right) CO2 absorption flux as a function of CO2 inlet concentration for 1 M L-prolinate solutions at 313 K and 
different total pressures. 
 
The effect of total pressure on overall mass transfer coefficient is not studied well yet.  KG decreases 
by 52.5% from 1 bar to 3 bar. The reasons for the decrease of KG may be from two sides: the decrease of 
gas or liquid side mass transfer coefficient. As the corresponding reaction kinetics, Henry’s law constants 
and diffusivity in Eq. 6 is not affected by total pressure, kl is independent of the total pressure [8]. Hence 
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the decrease of gas side mass transfer coefficient may the main reason for the decrease of overall mass 
transfer coefficient at elevated total pressure. 
     We further studied the influence of total pressure on gas side mass transfer coefficient. As gas side 
mass transfer properties are independent on liquid side properties, we used 2 M MEA which had been 
well studied as CO2 absorption to determine the Sherwood numbers and Re*Sc*d/h numbers at various 
total pressure. The analytical relations between parameters that describe the hydrodynamic conditions of 
the column and kg in wetted-wall column at different pressures are shown in Figure 5 and Eq. 7-11.  The 
gas side mass transfer coefficient of 1 M potassium L-prolinate at 313 K at 1 -3 bar calculated from Eq. 8-
12 are presented in figure 6.  The gas side mass transfer coefficient kg decreases significantly with the 
increase of total pressure. At atmospheric pressure, the value of kg is 15.03h10-6 molЬm2Ьs-1Ьpa-1. When 
at 3 bar, kg is 2.11h10-6 molЬm2Ьs-1Ьpa-1 , which decreases by 86%.  Besides resistances of gas side 
increases significantly with decreasing gas side mass transfer coefficient. It is found that the proportion of 
gas side resistance in overall resistance increases dramatically from 14.3% to 46.8% with pressure raised 
from 1 bar to 3 bar. 
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Figure 5(left) Experimental data and fitted correlations of the gas side mass transfer coefficient for our wetted-wall column 
obtained at various total pressures. 
Figure 6(right) Gas side mass transfer coefficient kg as a function of total pressure for 1 M potassium L-prolinate at 313 K. 
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4.Conclusion 
      Potassium L-prolinate solution is found to be a promising CO2 absorption solvent as its stability to 
degradation and comparable mass transfer coefficient to conventional MEA solutions. In this work, we 
investigated the influence of total pressure on CO2 absorption in potassium L-prolinate solutions. It is 
found that elevated total pressure has positive effect on CO2 absorption rate. The CO2 absorption flux 
increases approximately by 40% from 1 bar to 3 bar when CO2 inlet concentration is 10%. We further 
found that gas mass transfer coefficient was not only dependent on the hydrodynamic conditions of 
wetted-wall column, but also the total pressure in the apparatus. The gas mass transfer coefficient kg 
decreases by 86% from 1 bar to 3 bar. And the proportion of gas side resistance in overall resistance 
increases dramatically from 14.3% to 46.8%. 
 
Acknowledgements 
This work is supported by National Natural Science Foundation (No. 51076139, 51276161), the 
Fundamental Research Funds for the Central Universities (2013FZA4008) and the Program of 
Introducing Talents of Discipline to University (B08026). 
 
References 
[1] Haszeldine RS. Carbon Capture and Storage: How Green Can Black Be. Science 2009; 325: 1647-1651. 
[2] Goff GS, Rochelle, GT. Monoethanolamine Degradation: O2 Mass Transfer Effects under CO2 Capture Conditions. Ind. Eng. 
Chem. Res. 2004; 43: 6400-6408. 
[3] Vevelstad SJ, Eide-Haugmo I, da Silva EF, Svendsen HF. Degradation of MEA; a theoretical study. Energy Procedia 2011; 4: 
1608–1615. 
[4] Kinetics of CO2 Absorption in Aqueous Sarcosine Salt Solutions: Influence of Concentration, Temperature, and CO2 Loading. 
Ind. Eng. Chem. Res. 2010, 49: 9693–9702 
[6]Paul, S. and K. Thomsen, Kinetics of absorption of carbon dioxide into aqueous potassium salt of proline. International Journal 
of Greenhouse Gas Control, 2012. 8: p. 169-179. 
[7]Aronu, U.E., et al., Kinetics of Carbon Dioxide Absorption into Aqueous Amino Acid Salt: Potassium Salt of Sarcosine Solution. 
Industrial & Engineering Chemistry Research, 2011. 50(18): p. 10465-10475. 
[8]Holst, J.V., et al., Kinetic study of with various amino acid salts in aqueous solution. Chemical Engineering Science, 2009. 64(1): 
p. 59-68. 
[8]Fang M, Xiang Q, Yu C, et al. Experimental study on CO2 absorption by aqueous ammonia solution at elevated pressure to 
enhance CO2 absorption and suppress ammonia vaporization[J]. Greenhouse Gases: Science and Technology, 2014. 
[9] Pacheco MA. Mass transfer, kinetics and rate-based modeling of reactive absorption. Doctoral Dissertation. The University of 
Texas at Austin. 1998 
 
Biography Prof. Fang born in 1965 at Zhejiang Province of China. He got his Ph D degree on Engineering 
Thermalphysics on July, 1991. After graduated, he worked at Institute for Thermal Power 
Engineering of Zhejiang University and was promoted to the professor in 1998. His interest is coal 
and biomass combustion and gasification, CO2 emission control. He has already been responsible to 
finished more than 40 projects including National Natural Science Foundation Project, National Key 
Basic Research Project (973), National High Technology Research and Development Project (863), 
EU project, etc. He got over 10 patents and presented more than 100 papers in Journal and 
conference.
 
 
 
